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WORD IMAGE MATCHING IN
BULGARIAN HISTORICAL DOCUMENTS!

Abstract: An approach to word image matching based on Hausdorff distance is examined for bad quality
typewritten, printed or handwritten Bulgarian documents. A detailed computer experiments were carried
out using 49 pages typewritten text, 13 pages printed text and 2 pages of a manuscript. The results of
several methods are compared including previously reported methods in the literature.
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1. Introduction

The Hausdorff distance used in the paper differs slightly from ones used by other
authors and after the computer experiments the conclusion from the results is that our
method outperforms them despite its simplicity.
Let A and B denote bounded sets on the plane and a and b be points on the plane with
coordinates

a= (31, 32), b= (b], bz)
The Hausdorff distance (HD) between two bounded sets A and B is defined in [4] for
the purposes of approximation of discontinues functions as

(D 1(A,B) = max{h(A,B), h(B,A)},
where
2) h(A,B) = max min p(a,b),
acA  beB
3) p(a,b) = max { [a; — b, |az - ba }.

In 1994 Dubuisson and Jain [1] examined 24 distance measures of Hausdorff type for
determination to what extend two point sets on the plane A and B differ. In case when
the sets A and B consist of Na and Np points along with (3) changed to Euclidean
distance they use
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(4) h(A,B) = 1/N; 2 min{p(a,b): beB}

acA
and claim that among all 24 “distances” examined by them, this “distance” called by
them “Modified Hausdorff Distance" (MHD) suites in best way the problem for object
matching. Similar approach called “Weighted Hausdorff Distance” (WHD) is used in
[2] for finding word image matching method in English and Chinese document images.
We propose to simplify (4) using slightly changing the definition of h(A,B)

(5) h(A,B) = 2 min{p(a,b): beB}
aeA

and call the distance (1), (2), (5) Sum (or Simple) Hausdorff Distance (SHD).

2. Distances used in computer experiments

Let us define:

e “word image” — a rectangular image which pixels have values 0 (white) or 1 (black);
e “word” — a subset of word image with pixel values equal to 1.

The following distances will be tested numerically for estimation of similarity between
two words A and B:

1. LAB) = X 1
ac(A\B)U(B\A)

2. HD(A,B) = 1(A,B), where 1(A,B) is defined by (1), (2) and (3);

3. HDi(A,B) = 1(A,B), where r(A,B) is defined by (1), (5) and using p(A,B) = 0 if
a=b, else p(A,B) = 1;

4. MHD(A, B) =1(A,B), where r(A,B) is defined by (1), (3), (4);
5. SHD(A,B)=r(A,B), where r(A,B) is defined by (1), (3), (5).

Before using a given distance for estimation the difference between two images they
must be adjusted with respect to either their geometric centers or to their mass centers.
For example if SHD distance is applied combined with geometric center adjustment of
images we denote this by SHD®® otherwise we write SHD™. Measuring the
effectiveness of the distances (or methods connected with them) usually is given by
standard estimations Recall and Precision [3]. Briefly, let us look for a word W in a
collection of binary text images in which W occurs N times. Let a method produce a
sequence of words

(6) Wi} iz,

ordered according to a specific criteria. For a givenn (n =1, 2, ...), let n; (n; is less or
equal to n) be the number of words among the first n words in the sequence (6) that
coincide with W. Note that n; is a function of n. Then we define the following two
functions

(7 Recall(n) =n;/N and Precision(n) =n;/n

as functions of n.
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3. Experimental results

3.1. Typewritten text. Using the distances defined above we carry out a series of
computer word matching experiments. Real Bulgarian documents of typewritten text of
49 pages of bad quality are the material from which a specified word is located and
extracted.

KaKTo 0BArapuTe ca Ce BBRIXUUABAIM OT XYOaBHTe MeJOAMM Ha
MaaueTa, NAACTHYHM KWYENH M APYrd NECHH, TaxKa M TYpuUuTe
Ca ce JubyBajl HA& KpBuHUTE OBArapCcKM XOopa M MNeNOJUYHM
HapoAHH MecHM.

He MaiKo MYSHKAHTU ca GWIM TYPCKM LMIaHM U Ca
CBUPWIK N0 OBArapckd cpaToéd, Xopuuma, cGopose M mp.

Word “necan” is the sixth word in the second row in the text above. It occurs 31 times
in the whole document of 49 pages.

Series 2: MHD®* Series 3:HD,*
n | n; | Recall Precision n n; Recall Precision
515 0.16 1.00 5 5 0.16 1.00
15| 14 0.45 0.93 15| 14 0.45 0.93
251 21 0.68 0.84 25 | 20 0.65 0.80
35| 25 0.81 0.71 35| 24 0.77 0.69
45 | 27 0.87 0.60 45 | 25 0.81 0.56
56 | 30 0.97 0.54 56 | 28 0.90 0.59
62 | 31 1.00 0.50 62 | 29 0.94 0.47
72 | 30 0.97 0.42
74 | 31 1.00 0.42
Series 1: SHD* Series 4: HD*
n | n; | Recall Precision n | n Recall Precision
515 0.16 1.00 3 3 0.10 1.00
15| 14 0.45 0.93 32 | 26 0.84 0.81
25| 20 0.64 0.80 83 | 31 1.00 0.37
35| 26 0.84 0.74
45 1 30 0.97 0.67
56 | 31 1.00 0.55

Table 1. Results for “necan”

The results from Table 1 are plotted on Fig.1:
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3.2. Printed text. We process 13 pages that contain printed text written in proportional
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font as shown below.

Bux mxejaJ na Kaxa, 4€ a3 KaTO MaTeMaTHUK I'bJro BpeMe cMsATaX, Ye Ta3u
NyaJIHOCT MMa CBOMTE OrpaHMYeHusd, 3alloTO, Ha NP'LB HOrjien Nnoxe, 6K H3TNex-
Hajlo, Ye MaTeMaTUKaTa NPUHAJJIeXH M3IAJIO Ha I'bPBUA apXeTHIl.
K'bCOlJiell B'b3rjell; TorJjelHaTa oTrope, MaTeMaTUKaTa ACHO Clalla CbUlO TaKa U
KbM BTOopuA apxetun. Moxe 61 pa3BUTHETO Ha Ta3¥ MUCBLJ Jla e TB'bple NpuBJe-
KAaTelHO W Jla 3ac/y)aBa OT/HeJIeH pPa3roBop: NOHACTOALLEM B MaTeMaTHKaTa UMa

The test word “matemaTukara” (mathematics) can be found in the text above as a word
before the last one. Our searching template “maTemaruk” (mathematician) consists only
of the first 9 letters that form it. Thus we can find all words that have the same 9 letters
at the beginning. The results of the word recognition process depend on several factors:

0.2

0.4

0.6

Recall

Fig. 1. Word “necuun”
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e differences between identical words in original document;

|——Series1 ||

~—l— Series2
Series3
Seriesd__,

Series 1: SHD** Series 2:SHD*¢

n | n; | Recall Precision n | n Recall Precision
919 0.26 1.00 18 | 18 0.53 1.00
16 | 15 0.44 0.94 25 | 22 0.65 0.88
22 | 20 0.59 0.91 32 | 24 0.71 0.75
29 | 23 0.68 0.79 47 | 25 0.74 0.53
37| 25 0.74 0.68
45 | 28 0.82 0.62
48 | 29 0.85 0.60

Table 2. Results for “maremarux”

o differences between identical words obtained during the scanning process;

e binarization step (grayscale-b/w conversion and noise removal) can add extra

differences;

Ho ToBa e
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e segmentation step may extract identical words in a different way.
Our example includes two different binarization steps that give two different recognition
results. They are presented in Table 2 and Fig.2 as Series 1 and Series 2.
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Fig. 2. Word “maremaTuk”
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3.3. Handwritten text. Two handwritten pages from a document created in 1929 are
processed. Part of the document is given below shows the regularity of the text and its

quality.

- Gibepenmemems br Coua | be Rovimo Pue
be nopbumb 1odm nor srobomo chmeombybane ,
MEYRoND , B Wwbe,mbbpée pvmRo E)paw ,

We search for words like the next 4 words that begin with the pattern “Bam™ (“Bamr”

means “Yours”).

@kmvmw gcmwemw ﬁmm’b Sbom,ww

The computer results for both methods SHD and HD are summarized in Table 3 and

plotted on Fig. 3.

Series 1: SHD** Series 2:HD*¢
n| m Recall Precision n n; Recall Precision
2| 2 0.22 1.00 5 5 0.56 1.00
4 | 3 0.33 0.75 8 7 0.78 0.86
71 6 0.66 0.86 10 | 8 0.89 0.80
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10/ 7 ] 078 0.70 27] 9 | 100 | 033
13 8 | 089 0.62
16/ 9 | 1.00 0.56

Table 3. Results for “Bamr”
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Fig. 3. Word “Bamr”

3. Conclusions

We process bad typewritten Bulgarian text, printed text and a manuscript for word
matching using various distances. The results show that:

the distance SHD*® produces better results than other distances and therefore there is
no need to complicate the definition of SHD (like MHD or WHD);

mass centered adjustment (mc) of word images is inappropriate for the purpose of
word matching and we omit computer results obtained in this way;

L% distance produces the worst results. HD** method which is a sort of a
combination of L;* and SHD*" behaves better, but evidently falls back to SHD®®;

the measurement done by HD*® distance could be considered as a “discontinuity”.
This explains the deterioration of the results produced by HD*® for values of
Recall(n) close to 1. For example, computer results for the relatively short word
“necan” with occurrence 31 times HD®® are shown in Table 4. Note that in some
extend the other methods use practically continuous scale for ordering the spotted
words.

HD# distance | found words -n | correct words — n;
2 2 2
3 29 23
4 31 5

Table 4. Word “necan” and HD*® distance



Andrey Andreev, Nikolay Kirov 35

References

[1] M.-P. Dubuisson, A. Jain, A Modified Hausdorff Distance for Object Matching, In: Proc. 12th Int.
Conf. Pattern Recognition, Jerusalem, Israel, 1994, pp. 566-568.

[2] Y. Lue, C. L. Tan, W. Huang, L. Fan, An Approach to Word Image Matching Based on Weighted
Hausdorff Distance, “6th ICDAR”, 10-13 Sept. 2001, Seattle, USA.

[3] M. Junker, R. Hoch, A. Dengel, On the Evaluation of Document Analysis Components by Recall,
Precision, and Accuracy, Proceedings ICDAR 99, Fifth Intl. Conference on Document Analysis and
Recognition, Bangelore, India, 1999.

[4] [4] Bl. Sendov, Hausdorff Approximations, Kluwer, Dordreht, 1990.

aandreev@math.bas.bg
nkirov(@math.bas.bg




